Two genera, Brassica and sinapis, belong to the family Cruciferae (Brassicaceae). It had been suggested that they had have 1 ancestor and 2 different lineages. Detailed cytogenetical study had been carried out on 6 species belonging to them. These are: B. nigra, B. rapa (ϭcampestris) and B. tournefortii from genus Brassica and S. alba, S. allionii and S. turgida from genus Sinapis. Data obtained by the present study support this suggestion. Karyomorphological analysis for 4 species reveals that B. nigra is the most primitive and it was similar to S. turgida and S. allionii. Also meiotic analysis and electrophoretic seed protein profiles confirm the karyomorphological results. Moreover, seed protein electrophoresis indicates that these 2 genera had a characteristic protein composition which is of taxonomic importance. So, the present resulted information could be considered a reliable data which aid in reevaluation the evolutionary relationships of the 2 genera. Moreover, these present data prove that they are highly paraphylogeny.
Introduction
Two genera, Brassica and sinapis, are taxonomically closely related (Tackholm 1974) . They form with other genera tribe Brassiceae of the family Cruciferae (Brassicaceae). In Egypt, genus Sinapis is represented by common 3 weeds (Tackholm 1974) , while genus Brassica contains many cultivated crops besides the wild species. Works on the cytology of Brassica and Sinapis species have been merely reports of chromosome number. Karyomorphological and meiotic studies remained limited mostly the cultivated Brassica species, and not much attempts were made to study the occurring closely related species of the 2 genera. The present study is an attempt to investigate the karyomorphology and meiotic configurations of 5 wild taxa and 1 cultivated of the 2 genera. Also electrophoretic seed protein profiles have been done. The resulted data from seed protein analysis combined with cytological investigations are used to through more light on the phylogeny of 6 taxa belonging to the 2 genera Brassica and Sinapis.
Tribe Brassiceae (Brassica and its related genera) considered aneuploids with different basic chromosome number nϭ6, 7, 8, 9 and 10 (Samuel and Arlene 1987, Anderson and Warwick 1999) . It has been suggested that Brassica (and the tribe Brassiceae itself) have multiple origins in separate lineages Black 1991, 1993) . On the other hand Brassica is characterized by 3 basic diploid cytodemes (A, B and C). The 3 elementary genomes nϭ10, nϭ9 and nϭ8 for Brassica campestris, B. oleracea and B. nigra, respectively (Howell et al. 2002) . Rrecent studies indicated that there are 2 separate evolutionary lines for Brassica species, 1 line lead to B. nigra and B. oleracea and the other line to B. campestris, and B. nigra is more closely to S. arvensis than to B. rapa (campestris) or any other Brassica species in that studies (Song et al. 1989 ).
The information obtained from the present study of karyomorphology, meiotic analysis and seed protein electrophoresis could provide useful data for reevaluation the taxonomic relationships of the 2 genera, and also indicate that they had a characteristic protein composition which is of taxonomic importance.
Materials and methods
In the present study 6 species of the 2 genera, Brassica and Sinapis have been investigated. Seeds and flower buds of these species were collected from their natural habitats from various parts of Egypt (Table 1 ). The collected specimens were identified according to Montasir and Hassib (1956), Tackholm (1974) and Boulos (1999) .
For mitotic preparation and karyotype analysis, seeds of the 6 taxa have been collected at the fruiting time (AprilϳMay) and were germinated in dark at 20°C on moist filter papers. Actively growing root tips of 1-2 cm long were excised from germinating seeds and pretreated with a mixture of 2 mM 8 hydroxyquinoline and saturated solution of paradiclorobenzene (1 : 1, V/V) for 2-3 h at room temperature (Chattopadhyay and Sharma 1988) . The root tips after pretreatment were fixed in freshly prepared (1 : 3) acetic alcohol for a minimum period of 24 h and thereafter stored in 70% alcohol till they were squashed. The staining technique of Chattopadhyay and Sharma (1988) was used. The fixed root tips were hydrolyzed in 1N HCl at 60°C for 10 min, washed in distilled water, 45% acetic acid was added for 5 min then stained in warm 2% acetic orcien for 2-3 min at 60°C. The stained root tips were squashed in 45% acetic acid. Well spread metaphase plates were selected to be photographed at a magnification of 1,000x using a microscope. Total chromosome length and the lengths of short and long arms and of satellites, when visible, were measured in millimeters, at known magnification, using the computer.
Types of chromosomes were identified according to the total chromosome length and arm ratios, and classified according to their centromeric position, according to the scheme proposed by Abraham and Prasad (1983) . Also total form percent (TF %)-the degree of symmetry over the whole karyotype-was calculated for each.
For observing chromosome configurations, young flower buds were fixed in a fresh mixture of absolute alcohol, chloroform and glacial acetic acid (6 : 3 : 1, V/V/V) at room temperature for at least 24 h Alcoholic hydrochloric carmine (Snow 1964) was used for staining.
For electrophoretic profiles of seed proteins, total protein was extracted from dry seeds. 0.02 g of dry mature seeds was ground to meal using a mortar and pestle. The meal was homogenized with 0.5 ml of Tris-HCl buffer containing 2% SDS and 10% sucrose at pH 6.8 for overnight at 4°C. The slurry was centrifuged at 9,000 rpm for 6 min. The supernatant was immediately used for electrophoresis. Electrophoresis was carried out under non reducing conditions in 12.5% polyacrylamid gel. Samples (20 ml) were loaded in the stacking gel. Run power was 15 mA for about 30 min, then raised up to 25 mA for 5-6 h Gel was then stained in comassie blue for 16 h at room temperature, destained and photographed. The bands produced by each sample were counted and their relative mobilities (rf) compared with those of standard marker proteins. The similarity coefficient between the species based on comparisons of their SDS-PAGE profiles were calculated using Jacquard's coefficient (Scj). Data information obtained from seed protein banding patterns (similarity coefficient) was treated by the computer program SPSS (statistical package social science). The method applied is based on cluster analysis and expresses the relationships of the studied taxa as percent dissimilarity in dendrogram.
Results and discussion
Studies on mitotic chromosomes for the 6 spices reveal that the taxa of the 2 genera had different somatic chromosome number. In Brassica species somatic chromosome number were, 2nϭ2xϭ16, 20, 20, for B. nigra, B. rapa and B. tournefortii, respectively and in Sinapis species were 2nϭ2xϭ24, 18, 18 for S. alba, S. allioni and S. turgida, respectively. These counts in Table 2 and Fig. 1 agree with the previous counts Anderson 1993, Janick and Whipkey 2002) .
The comparison of the karyomorphological studies of the 4 species reveal that they differ in the finer details such as total chromosome length (TCL), average chromosome length (ACL), TF%, presence of satallited chromosome and karyotype formula. The SAT-chromosomes have been observed in 3 species, B. rapa, S. alba and S. turgida, (Table 2 and Fig. 2) . Two pairs SAT-chromosomes complement in S. turgida and one pair in S. allionii and B. rapa. It was not observed in B. nigra. SAT-chromosome with its secondary constriction considered an important feature when studying species relationships. Also it was found that B. nigra is more symmetrical accrding to Abraham and Prasad (1983) and more similar to S. turgida while differ with B. rapa. Both B. nigra and S. turgida contain 4 nsm (-) chromosomes and 12 nm chromosomes with one excess pair only of SAT-chromosome in S. turgida. This SAT-chromosome in karyotype formula of S. turgida was responsible for the low TF% which is considered a progressive step in karyotype evolution (Stebbins 1971) . According to Stebbins (1950 Stebbins ( , 1971 ) the higher symmetry taxa are considered more primitive. Also Huziwara (1962) and Gupta et al. (1991) turgida indicate that B. nigra with its higher symmetry and higher TF% is more primitive and S. turgida is advanced and derivative species. Also based on this cytological analysis the dissimilarity between B. nigra and B. rapa on 1 hand and the similarity between B. nigra and S. turgida on the other hand asses the suggestion that both the 2 genera had have evolved from 1 ancestor, but through different lineage (Warwick and Anderson 1993) . However the observation of satellites in 3 species of the 4 karyomorphological studied species, reveal that they are phylogenetically inter-related and possese related genomes. As for B. tournefortii and S. alba the chromosomes are too small to be karyotyped, ( Fig. 1c  and d ). For studying meiotic configurations, about 35-40 PMCs for each taxa were examined at diakinesis. The meiotic analysis of the 6 species indicated that there was a regular formation of bivalents in all of them with nϭ8 for B. nigra and 10 for B. rapa and B. tournefortii, respectively and nϭ12 for S. alba and 9 for S. allioni and S. turgida, respectively ( Fig. 3 and Table 3 ). However they differ appreciable from each other in the number of ring and rod bivalents per PMC (Table 3) affinity amongst there chromosomes with lesser number of identical genes. Also this might have arisen due to the structural changes in the chromosomes of these 2 species during the course of evolution (Ress 1955 , 1961 and Lagercranz and Lydiate 1996 . The higher chiasmata frequency recorded in some cases might be due to the constancy in there karyotype and breeding behavior. Also data obtained from electrophoretic seed proteins of the 6 species show considerable degree of similarity between B. nigra and 2 Sinapis species, S. allionii and S turgida, while there is somewhat similarity between B. rapa with B. tourneforti and S. alba (Figs. 4 and 5) . This electrophoretic seed protein results asses the above obtained results by karyomorphological and meiotic analysis, and indicate that, the species of the 2 genera Brassica and Sinapis are highly paraphylogeny.
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